Compartmentation of TCA cycle metabolism in cultured neocortical neurons revealed by 13C MR spectroscopy.
Cultured neocortical neurons were incubated in medium containing [U-13C]glucose (0.5 mM) and in some cases unlabeled glutamine (0.5 mM). Subsequently the cells were "superfused" for investigation of the effect of depolarization by 55 mM K+. Cell extracts were analyzed by 13C magnetic resonance spectroscopy and gas chromatography/mass spectrometry to determine incorporation of 13C in glutamate, GABA, aspartate and fumarate. The importance of the tricarboxylic acid (TCA) cycle for conversion of the carbon skeleton of glutamine to GABA was evident from the effect of glutamine on the labeling pattern of GABA and glutamate. Moreover, analysis of the labeling patterns of glutamate in particular indicated a depolarization induced increased oxidative metabolism. This effect was only observed in glutamate and not in neurotransmitter GABA. Based on this a hypothesis of mitochondrial compartmentation may be proposed in which mitochondria associated with neurotransmitter synthesis are distinct from those aimed at energy production and influenced by depolarization. The hypothesis of mitochondrial compartmentation was further supported by the finding that the total percent labeling of fumarate and aspartate differed significantly from each other. This can only be explained by the existence of multiple TCA cycles with different turnover rates.